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(57) ABSTRACT

An image forming apparatus reducing number of control
signals in detecting nth connection stage of a paper feed
cassette unit piled up, and increases noise resistance. It
includes a main body part and a paper feed cassette unit that
can be piled up in plural stages under main body part. Main
body part has a start control line transmitting a start signal;
a ready control line transmitting a ready signal; and a main
body side control part generating start signal and detects nth
connection stage of paper feed cassette unit on number of
times of ready signal. Paper feed cassette unit has a cassette
side control part delaying start signal inputted from an upper
stage through start control line to output it to a lower stage,
and while delaying start signal, generating a ready signal to
output it toward ready control line to upper stage.
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1
IMAGE FORMING APPARATUS THAT
DETECTS THE NUMBER OF CONNECTION
STAGE OF A PAPER FEED CASSETTE UNIT

INCORPORATION BY REFERENCE

This application is based on and claims the benefit of
priority from Japanese Patent Application No. 2014-196376
filed on Sep. 26, 2014, the contents of which are hereby
incorporated by reference.

BACKGROUND

The present disclosure relates to an image forming appa-
ratus that allows connection of paper feed cassette units in
a plurality of stages.

DESCRIPTION OF THE RELATED ART

With some image forming apparatuses, paper feed cas-
sette units can be connected to a main body part, being piled
up in a plurality of stages, and the number of stages of the
paper feed cassette units that are to be piled up can be
increased or decreased in accordance with the required paper
size, type, number of sheets, or the like. In order to recognize
the individual paper feed cassette units that are connected,
the main body part detects the nth connection stage of each
particular paper feed cassette unit with control signals. If the
number of such control signals is increased, there arises a
need for giving a space to wire the control lines in the circuit
board in the main body part, for example, and thus a
mechanism for reducing the number of control lines has
been developed.

For example, there has been proposed a technique in
which one reset signal and one clock signal are outputted
from the main body part to be inputted to the paper feed
cassette unit at each stage, while one connection signal is
inputted from the paper feed cassette unit at each stage to the
main body part, and three control lines in total are used for
connection detection (for example, refer to Patent Document
1). With the technique in Patent Document 1, the paper feed
cassette unit at each stage is provided with a flip-flop, and
the reset signal and the clock signal that are outputted from
the main body part are branched and inputted to the flip-flop
at each stage, respectively. Thereby, the state of the connec-
tion signal that is outputted from the flip-flop at each stage
is changed in turn to perform connection detection.

SUMMARY

The present disclosure provides an image forming appa-
ratus including a main body part, and a paper feed cassette
unit that is capable of being piled up in a plurality of stages
under a bottom part of the main body part. The main body
part has a start control line that transmits a start signal, a
ready control line that transmits a ready signal, and a main
body side control part. The main body side control part
generates the start signal, and detects the nth connection
stage of the paper feed cassette unit on the basis of the
number of times of the ready signal. The paper feed cassette
unit has a cassette side control part. The cassette side control
part delays the start signal inputted from an upper stage
through the start control line and outputs it to a lower stage,
and that, while delaying the start signal, generates the ready
signal to output it toward the ready control line to the upper
stage.
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Further, the present disclosure provides a method for
detecting the nth connection stage of a paper feed cassette
unit that is piled up in a plurality of stages under a bottom
part of a main body part. When a start signal is inputted from
the main body part to the paper feed cassette unit at an
uppermost stage, the paper feed cassette unit at the upper-
most stage delays the inputted start signal to output it toward
a paper feed cassette unit at a lower stage. The paper feed
cassette unit at the uppermost stage generates, while delay-
ing the start signal, a ready signal to output it to the main
body part. The paper feed cassette unit at the lower stage
delays the inputted start signal to output it to the paper feed
cassette unit at a still lower stage. The paper feed cassette
unit at the lower stage generates, while delaying the start
signal, a ready signal to output it to the main body part.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an appearance drawing of an image forming
apparatus of an embodiment according to the present dis-
closure;

FIG. 2 is a circuit diagram illustrating a circuitry with
which a main body side CPU detects the nth connection
stage of a paper feed cassette unit that is piled up; and

FIG. 3 is a timing chart illustrating the output timing for
a start signal and a ready signal in the main body side CPU
and the respective paper feed cassette units that are shown
in FIG. 2.

DETAILED DESCRIPTION

Next, an embodiment of the present disclosure will be
specifically explained with reference to the drawings.

An image forming apparatus 100 of the embodiment of
the present disclosure is a copying machine having a copy-
ing function, a printing function, a scanner function, and the
like, and referring to FIG. 1, it includes a document reading
part 120, a document feeding part 130, and a main body part
140. The document reading part 120 is disposed on top of the
main body part 140, and the document feeding part 130 is
disposed on top of the document reading part 120.

On the front side of the image forming apparatus 100,
there is disposed an operation panel 4 for performing setting
or an operation instruction for the image forming apparatus
100. The operation panel 4 includes a touch panel and
operation buttons. The touch panel functions as a display
means and an input means, being provided with a transpar-
ent pressure-sensitive sensor on a surface of a display part
that displays various operation keys and an image formation
situation. The touch panel detects a touch operation onto the
display surface to output a signal corresponding to the
location where the touch operation is detected, thereby
receiving the operation on an operation key displayed on the
display part. The operation buttons include various opera-
tion keys, such as ten keys for inputting a numerical value,
such as the number of printing sheets, a reset key to input an
instruction for initializing the set information, a stop key to
stop copying operation, and a start key to input an output
instruction for starting a printing operation.

The document reading part 120 is a scanner that irradiates
light onto a document MS carried by the document feeding
part 130, or a document placed on a platen glass 122 by a
user, and receives the reflected light, and the like, to read the
document image, thereby outputting the image data.

The document feeding part 130 is configured to be
tiltable, and by bringing the document feeding part 130
upward, the top face of the platen glass 122 can be opened
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to allow the document MS to be placed on the platen glass
122. The document feeding part 130 feeds the documents
MS placed on the document mounting part 131 sheet by
sheet in turn to carry them to the document reading part 120.

The main body part 140 forms a latent image on the
surface of a photosensitive drum 151 on the basis of the
image data read by the document reading part 120 or the
image data read out from a storage part (not shown). Then,
the main body part 140 performs image formation in which
toner is used to make the latent image into a toner image;
transfers the toner image on the photosensitive drum onto a
recording paper carried from a paper feeding part 160; fixes
the toner image on the recording paper; and then discharges
the recording paper.

The paper feeding part 160 has a paper feed cassette unit
161, which is connected to a bottom part of the main body
part 140, and feeds the recording papers stored in the paper
feed cassette unit 161 sheet by sheet in turn to carry them to
the main body part 140. The paper feed cassette unit 161 can
be piled up in a plurality of stages to be connected to the
main body part 140, being linked to one another. FIG. 1
gives an example in which four stages of the paper feed
cassette unit 161, i.e., paper feed cassette units 161a to 1614
are connected to the main body part 140, being piled up.

FIG. 2 is a circuit diagram illustrating a connection
configuration of the main body part 140 and the paper feed
cassette units 161a to 1614.

The main body part 140 has a main body side CPU (a
main body side control part) 141. To the main body side
CPU 141, there are electrically connected a start control line
S1 that is used to output a start signal (a PFSTA signal), and
a ready control line S2 that is used to input a ready signal (a
PFRDYN). The ready control line S2 is electrically con-
nected to a terminal Vce through a pull-up resistor R, the
ready signal (the PFRDYN) being at a High level to be in the
disabled state.

In the bottom part of the main body part 140, there are
provided connection terminals Ps and Pr for connecting the
paper feed cassette unit 161. To the connection terminal Ps,
the start control line S1 is electrically connected, while, to
the connection terminal Pr, the ready control line S2 is
electrically connected.

The paper feed cassette units 161a to 1614 have the same
configuration, and the paper feed cassette unit 161a will be
used as an example for explanation.

On top of the paper feed cassette unit 161a, there are
provided a first connection terminal Ps1-1 and a second
connection terminal Pr2-1, while, on bottom of the paper
feed cassette unit 1614, there are provided a third connection
terminal Ps3-1 and a fourth connection terminal Pr4-1.
When the paper feed cassette unit 161a is connected at a
lower stage of the main body part 140 as the first stage, the
first connection terminal Ps1-1 and the connection terminal
Ps are electrically connected to each other, and the second
connection terminal Pr2-1 and the connection terminal Pr
are electrically connected to each other.

In the case where another paper feed cassette unit 161 is
connected at a lower stage of the paper feed cassette unit
161a, the third connection terminal Ps3-1 is electrically
connected to a first connection terminal Psl (Psl-2,
Ps1-3, . ..) in the another paper feed cassette unit 161 (1615
to 1614). In addition, the fourth connection terminal Pr4-1 is
electrically connected to a second connection terminal Pr2
(Pr2-2, Pr2-3, . . . ) in the another paper feed cassette unit
161.

Further, the paper feed cassette unit 161a may be con-
nected at a lower stage of another paper feed cassette unit
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161 rather than to the main body part 140. In this case, the
first connection terminal Ps1-1 of the paper feed cassette
unit 161a is electrically connected to a third connection
terminal Ps3 (Ps3-2, Ps3-3, . . . ) in the another paper feed
cassette unit 161. In addition, the second connection termi-
nal Pr2-1 of the paper feed cassette unit 161a is electrically
connected to a fourth connection terminal Prd (Pr4-2,
Pr4-3, . . .) in the another paper feed cassette unit 161.

The start signal (PFSTA) in the enabled state that has been
generated in the main body side CPU 141 is a start signal
(PF1STA) for starting communication with the paper feed
cassette unit 161a at the first stage. The start signal
(PF1STA) is inputted to a delay control part 1634 in a
cassette side CPU (a cassette side control part) 162 in the
paper feed cassette unit 161a through the start control line
S1, the connection terminal Ps, the first connection terminal
Ps1-1, and a start control line S3-1. The cassette side CPU
162a is provided in the middle of the start control line S3-1,
causing a delay control part 1634 to delay the start signal
inputted from the upper stage for outputting it to the lower
stage.

In addition, when the start signal (PF1STA) is inputted to
the delay control part 163a, the cassette side CPU 162a
generates and outputs the ready signal (PF1RDY) in the
enabled state as a response signal to the start signal
(PF1STA). The ready signal (PF1RDY) in the enabled state
is inputted to a base terminal of a transistor 164a for the
cassette side CPU 162a, turning the transistor 164a ON.

The transistor 164a is of open collector type. With the
transistor 164a, the base terminal is connected to the cassette
side CPU 162a; a collector terminal thereof is connected to
a ready control line S4-1 between the second connection
terminal Pr2-1 and the fourth connection terminal Ps4-1 in
the paper feed cassette unit 161a; and an emitter terminal
thereof is grounded. With the transistor 164a being turned
ON, the ready signal (PFRDYN) on the ready control line S2
is dropped to a Low level through the ready control line
S4-1, the second connection terminal Pr2-1, and the con-
nection terminal Pr. Thereby, to the main body side CPU
141, the ready signal in the enabled state by the cassette side
CPU 162q¢ is inputted.

Once the cassette side CPU 1624 outputs the ready signal
(PF1RDY) in the enabled state, it starts timing with a timer
(not shown), and when a specific time has elapsed, it
changes the ready signal (PF1RDY) from the enabled state
to the disabled one. This turns the transistor 164a OFF,
thereby the ready signal (PFRDYN) inputted to the main
body side CPU 141 being changed from the enabled state
(the Low level) to the disabled state (the High level).

On the basis of the ready signal (PFRDYN) having been
changed from the disabled state to the enabled state for the
first time after the output of the start signal (PFSTA), the
main body side CPU 141 detects that the paper feed cassette
unit 161a is connected at the first stage.

In the delay control part 163a, in order to provide a time
for causing the main body side CPU 141 to detect the nth
connection stage of the paper feed cassette unit 161a, a
process for delaying the start signal (PF1STA) by a specific
delay time is performed. The start signal (PF2STA) that has
been delayed is outputted toward the paper feed cassette unit
161 (1615 to 1614) at the subsequent stage through the start
control line S3-1 and the third connection terminal Ps3-1.
Further, the time for which the delay control part 163a
delays the start signal (PF1STA) is set longer than the time
from the moment when the cassette side CPU 1624 enables
the ready signal (PF1RDY) to the moment when it disables
the ready signal (PF1IRDY).
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Likewise, the first connection terminal Ps1 and the second
connection terminal Pr2 of the respective paper feed cassette
units 1615 to 1614 at the second to fourth stages are
connected to the third connection terminal Ps3 and the
fourth connection terminal Pr4 of the paper feed cassette
unit 161a to 161c¢ at the previous stage, respectively. In
addition, the third connection terminal Ps3 and the fourth
connection terminal Pr4 of the respective paper feed cassette
units 1615 and 161c¢ at the second and third stages are
connected to the first connection terminal Psl and the
second connection terminal Pr2 of the paper feed cassette
unit 161¢ and 1614 at the subsequent stage.

In this way, in the present embodiment, the start signal is
outputted in a relayed fashion, starting from the main body
side CPU 141, to the paper feed cassette 161 at the subse-
quent stage. Then, the ready signal generated (enabled) in
the paper feed cassette 161 to which the start signal has been
inputted is outputted toward the ready control line S2,
thereby the nth connection stage of the paper feed cassette
161 that is piled up being detected by the main body side
CPU 141.

Specifically, with reference to FIG. 3, the output timing
for the start signal (PFSTA) outputted from the main body
side CPU 141 and the ready signal (PFRDYN) inputted to
the main body side CPU 141, and that for the start signals
(PF1STA, PF2STA, PF3STA, and PF4STA) and the ready
signals (PF1IRDA, PF2RDA, PF3RDA, and PF4RDA) in the
paper feed cassette units 161a to 1614 at the first to fourth
stages will be explained.

First, the main body side CPU 141 changes the start signal
(PFSTA) from the disabled state to the enabled state for
outputting it. The start signal (PFSTA) from the main body
side CPU 141 is inputted to the delay control part 163a of
the cassette side CPU 1624 at the first stage as the start signal
(PF1STA). Herein, it is assumed that the time to the moment
when the start signal (PFSTA) is inputted to the delay
control part 163a as the start signal (PF1STA) is so short as
to be negligible.

When the start signal (PF1STA) is inputted to the delay
control part 163a, the cassette side CPU 162a outputs the
ready signal (RFIRDY) in the enabled state. The ready
signal (RF1RDY) generated by the cassette side CPU 162a
turns the transistor 164a ON, thereby the ready signal
(PFRDYN) in the enabled state being inputted to the main
body side CPU 141.

On the basis of the number of times by which the start
signal (PFRDYN) in the enabled state has been inputted
from the moment when the start signal (PFSTA) has been
outputted, the main body side CPU 141 detects the nth
connection stage of the paper feed cassette 161 that is piled
up under the bottom part of the main body part 140. With the
ready signal (RF1RDY) in the enabled state having been
outputted by the cassette side CPU 162a, the ready signal
(PFRDYN) in the enabled state is inputted to the main body
side CPU 141 for the first time after the output of the start
signal (PFSTA). Thereby, the main body side CPU 141
detects that the paper feed cassette 161a is connected at the
first stage.

At this time, the start signal (RF1STA) that has been
inputted by the delay control part 163a is delayed by the
delay control part 163a by a specific delay time (for
example, 20 to 30 msec). Therefore, when the main body
side CPU 162a is detecting the paper feed cassette unit 161
at the first stage, the start signal (PFSTA=PF1STA) from the
main body side CPU 141 is reserved in the delay control part
163a, and will not be inputted to the cassette side CPUs 1625
to 162d in the paper feed cassettes 1615 to 161d at the
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second and subsequent stages. Therefore, the ready signals
(PF2RDY, PF3RDY, and PF4RDY) from the cassette side
CPUs 1626 to 1624 at the second and subsequent stages are
in the disabled state. When a specific delay time has elapsed,
the start signal (PF2STA) that has been delayed is outputted
from the delay control part 163a to the paper feed cassette
unit 1615 at the lower stage.

When a specific time has elapsed after the output of the
ready signal (RF1RDY) in the enabled state, the cassette
side CPU 162a disables the ready signal (RFIRDY).
Thereby, the transistor 164a is turned OFF, and the ready
signal (PFRDYN) inputted to the main body side CPU 141
is disabled.

When the start signal (PF1STA) that has been inputted is
delayed by the delay control part 163a by a specific delay
time, the delay control part 163a outputs it toward the paper
feed cassette unit 1615 at the lower stage. The start signal
(PF3STA) that has been delayed by the delay control part
163a is inputted to the delay control part 1635 in the paper
feed cassette unit 1615 at the lower stage.

With the start signal (PF3STA) being inputted to the delay
control part 1635 from the upper stage, the cassette side
CPU 1625 in the paper feed cassette unit 1615 outputs the
ready signal (RF2RDY) in the enabled state. With the ready
signal (RF2RDY) in the enabled state being outputted from
the cassette side CPU 1625, the transistor 1645 is turned ON,
thereby, the ready signal (PFRDYN) in the enabled state
being again inputted to the main body side CPU 141.

On the basis of the ready signal (PFRDYN) in the enabled
state having been inputted for the second time after the
output of the start signal (PFSTA), the main body side CPU
141 detects that the paper feed cassette 1615 is connected at
the second stage.

When a specific time has elapsed after the output of the
ready signal (RF2RDY) in the enabled state, the cassette
side CPU 1626 disables the ready signal (RF2RDY).
Thereby, the transistor 1645 is turned OFF, and the ready
signal (PFRDYN) inputted to the main body side CPU 141
is again disabled.

The delay control part 1635 delays the start signal
(PF2STA) that has been inputted, and outputs it. The start
signal (PF3STA) that has been delayed by the delay control
part 163a is inputted to the delay control part 163¢ in the
paper feed cassette unit 161¢ at the lower stage.

Likewise, with the delay control part 163¢ and cassette
side CPU 162c¢ in the paper feed cassette unit 161c at the
third stage, and the delay control part 1634 and cassette side
CPU 162d in the paper feed cassette unit 1614 at the fourth
stage, output control of the ready signals (RF3RDY and
RF4RDY) and the start signal (PF4STA) are performed.
Thereby, on the basis of the number of times by which the
ready signal (PFRDYN) in the enabled having been input-
ted, the main body side CPU 141 detects that the paper feed
cassette unit 161c¢ is connected at the third stage, and the
paper feed cassette unit 161d is connected at the fourth
stage.

Further, in the case of the present embodiment, to the
paper feed cassette unit 1614 at the fourth stage, the paper
feed cassette unit 161 at the fifth stage is not connected.
Therefore, the start signal (PF5STA) that has been delayed
can be opened at the third connection terminal Ps3-4 of the
paper feed cassette unit 1614 at the fourth stage, or grounded
with a high resistance for increasing the noise resistance.

When a specific time has been elapsed after the output of
the start signal (PFSTA), the time for the main body side
CPU 141 expires, thereby the connection detection process-
ing by the main body side CPU 141 on the paper feed
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cassette units 161a to 1614 being terminated. For example,
the time which expires may be determined on the basis of
such a factor as the maximum number of connected units of
the paper feed cassette unit 161 with respect to the main
body part 140.

The pulse time width of the start signal outputted to a
lower stage is required only to be a time that is sufficient for
the cassette side CPU 162a to 1624 at the lower stage to
make noise canceling processing (for example, 2 msec).

Further, the time period during which the cassette side
CPU 162a to 1624 is outputting the ready signal (PF1RDY,
PF2RDY, PF3RDY, or PF4RDY) in the enabled state may
be, for example, 1 to 3 msec. While the ready signal
(PFRDYN) in the enabled state is being inputted through the
ready control line S2, the main body side CPU 141 can
serially make a data communication, such as allocating an
identification ID to the cassette side CPU 1624 to 1624 that
has been detected for connection, through a data line (not
shown). In other words, the ready signal has not only the
function to indicate the connection to the main body part 140
in response to the start signal, but also the function to
indicate whether or not it is possible to make communication
with the main body part 140. Therefore, the time during
which the cassette side CPU 1624 to 1624 is outputting the
ready signal (PF1IRDY, PF2RDY, PF3RDY, or PF4RDY) in
the enabled state is preferably set according to the time for
communication with the main body side CPU 141.

The time for which the delay control part 1634 to 1634
delays the start signal (PF1STA, PF2STA, PF3STA, or
PF4STA) may be, for example, 20 to 30 msec.

Thus, the main body side CPU 141 is connected to the
start control line S1, which transmits a start signal (PFSTA),
and the ready control line S2, which transmits a ready signal
(PFRDYN), generating the start signal (PFSTA), and on the
basis of the number of times of the ready signal (PFRDYN),
detecting the nth connection stage of the paper feed cassette
unit 161a to 161d. In addition, the paper feed cassette units
161a to 161d can be piled up in a plurality of stages under
the bottom part of the main body part 140, including the
cassette side CPUs 162a to 162d. The cassette side CPU
162a to 162d delays the start signal (PF1STA, PF2STA,
PF3STA, or PF4STA), which is inputted from the upper
stage through the start control line S1, and outputs it to the
lower stage. In addition, while the cassette side CPU 162a
to 1624 is delaying the start signal (PF1STA, PF2STA,
PF3STA, or PF4STA), which has been inputted, the cassette
side CPU 1624 to 1624 generates the ready signal (PF1RDY,
PF2RDY, PF3RDY, or PF4RDY) in the enabled state to
output it toward the ready control line S2 to the upper stage.

Therefore, according to the present embodiment, the main
body side CPU 141 can detect the nth connection stage of
the paper feed cassette unit 161a to 161d by means of two
control signals of the start signal (PFSTA) and the ready
signal (PFRDYN). Therefore, only two control lines, i.e., the
start control line S1 and the ready control line S2, are
required to be connected to the main body side CPU 141. In
addition, in the present embodiment, no flip-flops are uti-
lized, and thus there are no signal lines causing an edge
trigger, whereby the noise resistance can be enhanced. In
addition, in the present embodiment, no hardware means of
a flip-flop is used, whereby the product cost can be sup-
pressed.
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The present disclosure is not limited to the above-de-
scribed embodiment, and of course can be altered in various
ways within the scope of the gist of the present disclosure.

What is claimed is:

1. An image forming apparatus comprising a main body
part, and a paper feed cassette unit that is capable of being
piled up in a plurality of stages under a bottom part of the
main body part,

the main body part including:

a start control line that transmits a start signal,

a ready control line that transmits a ready signal, and

a main body side control part that generates the start
signal, and detects the number of connection stage of
the paper feed cassette unit connected with respect to
the main body on the basis of the number of times of
the ready signal,

the paper feed cassette unit including:

a cassette side control part that delays the start signal
inputted from an upper stage through the start control
line and outputs it to a lower stage, and that, while
delaying the start signal, generates the ready signal to
output it toward the ready control line to an upper stage.

2. The image forming apparatus according to claim 1,
wherein the main body side control part

performs, during input of the ready signal, communica-
tion with the cassette side control part that is outputting
the ready signal.

3. The image forming apparatus according to claim 1,

wherein the cassette side control part

uses the generated ready signal to notify the main body
part of the cassette side control part being connected to
the main body part and of the cassette side control part
being capable of communicating with the main body
part.

4. A method for detecting the number of connection stage
of a paper feed cassette unit that is piled up in a plurality of
stages under a bottom part of a main body part,

the main body part inputting a start signal to the paper
feed cassette unit at an uppermost stage,

the paper feed cassette unit at the uppermost stage delay-
ing the inputted start signal to output it toward a paper
feed cassette unit at a lower stage,

the paper feed cassette unit at the uppermost stage gen-
erating, while delaying the start signal, a ready signal to
output it to the main body part,

the paper feed cassette unit at the lower stage delaying the
inputted start signal to output it to the paper feed
cassette unit at a still lower stage, and

the paper feed cassette unit at the lower stage generating,
while delaying the start signal, a ready signal to output
it to the main body part.

5. The method for detecting the

connection stage of a paper feed cassette unit according to
claim 4, wherein the main body part performs, during
input of the ready signal, communication with the
paper feed cassette unit that is outputting the ready
signal.

6. The method for detecting the number of connection
stage of a paper feed cassette unit according to claim 4,
wherein the paper feed cassette unit uses the generated ready
signal to notify the main body part that it is connected to the
main body part, and that it is capable of communicating with
the main body part.



